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PREFACE 

Mr. Johnston believes, as a deduction from his 
own professional observation and experience, that 
in the majority of industrial plants the steam-piping 
system has received insufficient attention, and that 
as a result wastes of both installation investment 
and operating cost are prevalent. 

In this volimie, consolidated and revised from a 
series of articles published in The Enoineering 
Magazine in 1915, he analyzes the factors governing 
the flow of steam in pipes, and presents a group of 
curves for use in solving the problems of practical 
mstallation and determining the most economical 
size of pipe to select for any given set of conditions. 

While the first chapter includes in its theoretical 
discussions all pressures from to 250 pounds, two 
supplementary chapters take up respectively the 
special problems of low-pressure systems, and the 
enormous but too often neglected economies obtain- 
able from the utilization of exhaust steam, and the 
employment of the plain reciprocating engme, with 
exhaust heat as a by-product, in place of much more 
costly equipment sometimes installed. 

Chables Buxton Going 
March, 1916. 
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STEAM PIPING 

Its Economical Design and Correct Layout 

Chapter I 
HOW TO FIND THE BIGHT PIPE SIZES 

'T^HE common expression '^standard prao- 
-*• tioe, * ' though convenient, has done much 
to hinder the economical design and develop- 
ment of steam machinery, whereas the sci- 
ence of electrical engineering is too young 
and its development has been too rapid to be 
so hampered. The demand created by the 
wonderful possibilities of the latter science 
has been met by the steam engineer as well 
as the electrical engineer, and there seems to 
be no limit to the size of units these engi- 
neers are capable of producing, there being 
under construction now a 35,000-kilowatt 
steam turbine, and boilers of 2,365 horse- 
power rating are in use, operating at 5,500 
horse-power each. 

The manufacturers of steam machinery are 

1 
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experimenting continually to improve the dB- 
cienoy of their products, realizing that a 
small increase in efficiency, in a large cen- 
tral-station plant, will result in a material 
yearly operating-cost saving. Fortunately 
for our natural resources, the industrial 
power-plant owner, who operates about 80 
per cent of the total steam horse-power in 
the United States, is also beginning to realize 
that a percentage saved, whether on one dol- 
lar or one million dollars, is a saving and 
worth considering. 

The one item in the majority of industrial 
plants that has received the least engineering 
attention is the steam piping. Of course, in 
large central-station plants, where great 
quantities of steam have to be handled, the 
piping layout is an important item and re- 
ceives the engineering consideration due it. 
But with the average of industrial plants, 
even those owned by large corporations 
which carefully design the piping to accom- 
pany their products, the size of steam piping 
used in the factories seems to have been se- 
lected according to ** standard practice,'* 
**rule of thumb,*' or some such method. 
There will be found in the average small 
plant of today the same size of live-steam 
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piping supplying a 500-kilowatt plant as is 
used in a modem 5,000-kilowatt plant. I can 
recall only one large industrial plant that 
came under my own observation where the 
piping layout, so far as concerns size, was 
cacefully considered and economically de- 
sired. 

It is the aim of this book to bring out some 
of the laws governing the flow of steam in 
pipes, and the resulting losses; also to pre- 
sent several theoretical curves in convenient 
form, to be used in designing the most eco- 
nomical size of pipe to meet certain condi- 
tions of flow, pipe diameter, and pressure. 

The two losses of energy in conveying 
steam in pipes are: first, that due to radia- 
tion, which is governed by the difference in 
temperature of the steam and the external air, 
area of pipe surface, and type of insulat- 
ing covering used; second, that due to pres- 
sure drop caused by the friction of the steam 
against the surface of the pipe, which is gov- 
erned by the velocity and density of the steam 
flowing. This loss in pressure varies as the 
square of the velocity; that is, by doubling 
the velocity the pressure drop is increased 
fourfold, and as we are in the habit of speak- 
ing of a pipe being worked at a certain ve- 
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locity, and not a certain pressure loss, a flow- 
velocity curve should be of interest. 

It will be well first to explain the method 
followed in calculating and drawing the ac- 
companying curves. Marks and Davis steam 
tables are used. The curves themselves, be- 
ing much too large for reproduction on the 
pages of a handbook, are separately printed 
on suitable sheets which will be found folded 
and inserted within the back cover of this 
volume. They may thus be most convenient- 
ly spread out separately for reference or 

study. 

* 

Steam- Velocity Cubves 

Curve No. 1 is a steam-flow pipe-diameter 
velocity curve drawn for 100-pounds gauge 
pressure saturated steam and derived from 
the formula: 

« 

y I . . _ Flow of steam X Specific volume of steam 
^ "" Area of pipe 

This reduces to 



V - ^ ^ ^ (I) 

^ 26 X A ^^ 



in which 



V « velocity of steam in feet per second 
F a flow of steam in pounds per hour 
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S » specific volume of steam at pressure considered 
A » internal area of pipe in square inches 

By substituting in this equation, we obtain 
the velocity of steam at 100-pounds gauge 
pressure corresponding to various flows and 
pipe diameters. As the velocity varies di- 
rectly with the flow, these curves are straight 
lines and easily drawn and read. From equa- 
tion (I) it will be seen that the velocity is 
proportional to the specific volume. Hence 
to obtain the velocity for any other pressure 
than the standard at which the curve is 
drawn, it ia necessary only to multiply the ve- 
locity at 100-pounds pressure by the ratio of 
the specific volumes, i.e., 

Velocity at pressure X or Vx =• 5— X Vmo (H) 

0100 

By this method, the pressure correction 
curves (Curve No. 2) for the various pres- 
sures are obtained, and are, for the same rea- 
son stated above, straight-line curves. 

To use these curves, (suppose) it is desired 
to find the velocity of 20,000 pounds of steam 
per hour flowing in a 6-inch pipe at 75-pounds 
gauge pressure. Referring to Curve No. 1, 
read vertically downward from the 20,000- 
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pound flow line until the 6-inch pipe-diameter 
curve is intersected, tiiien horizontally until 
the 75-pound pressure curve in the second 
quadrant is intersected, then vertically to the 
velocity abscissa, which shows a velocity of 
135 feet per second. 

In like manner, the flow corresponding 
to any given pressure, pipe diameter, and ve- 
locity may be found. It has been customary 
to speak of velocity in feet per minute, but 
feet per second is more convenient and is be- 
coming more popular, especially in turbine 
work. 

' These curves are drawn for saturated 
steam and no correction curve for superheat- 
ed steam is shown. Such a correction can 
readily be derived by taking the ratio of the 
corresponding specific volume, and proceed- 
ing as explained with the pressure-correction 
curves. It will be found that for every 50 de- 
grees F. rise in superheat, the velocity will 
be increased 8 per cent. Referring to the 
above example, if the steam was superheated 
100 degrees F. the velocity would have been 
135 X 1.16 or 156.6 feet per second. like- 
wise, for every 1 per cent moisture in the 
steam, the velocity is decreased approximate- 
ly 1 per cent. 
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Pbbssubb-Deop Cubvb 

Curve No. 3 shows the drop in pressure due 
to the flow of saturated^ steam in straight 
smooth pipes 100 feet in length at 100-pounds 
gauge pressure, and Curve No. 4 is a pres- 
sure-correction curve, so that the pressure 
loss for any condition of flow, pipe diameter, 
and static pressure can be obtained from 
these two curves. 

Several formulae have been derived for de- 
termining the pressure loss due to the flow of 
steam in straight smooth pipes ; they were all 
employed in making the preliminary calcula- 
tions, but the one most consistent with, and 
checking very closely, actual test results is 
the one here used and found on page 318 of 
Babcoc^& Wilcox ^s Handbook, '* Steam, ^' as 
follows, 

p - 0.000131 (l +^)5| (™) 
or 

w » 

in which 




(IV) 



w » 'pounds of steam fiowmg per mmute 
p B difference m pressure between the two ends 
of pipe in pounds per square mch 
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D » denaty of steam 

(d » internal diameter of pipe in inches 

L » length of pipe in feet 

It is readily seen that this equation is of the 
form y = V2 px, or a parabola, and the re- 
sulting curve drawn with p as ordinates and 
w as abscissaB for any steam density (pres- 
sure) and pipe diameter will be a parabolic 
curve. Such a curve is diflScult to draw and 
read accurately, whereas by taking the square 
root of the ordinate p and plotting the curve 
to a variable scale, a straight-line curve is 
produced and this inaccuracy eliminated. 
Curves Nos. 3 and 4 are therefore so drawn 
with a variable ordinate scale. 

Curve No. 4 is a pressure-correction curve 
similar to Curve No. 2. From equation (IV) it 
will be seen that the drop in pressure p varies 
inversely with the density of the steam D, 
and as D varies with the pressure, the drop 
in pressure varies inversely with the static 
pressure of the steam. Hence by multiplying 
the ratio of the density of steam at 100- 
pounds gauge piessure to that at any other 
pressure by the drop in pressure at 100- 
pounds gauge pressure, the drop at the de- 
sired pressure is obtained, i.e., 
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px-^Xiho. (V) 

Following this principle, the pressnre-correo- 
tion Curve No. 4 is obtained for the various 
static pressures and the curves are straight 
lines when drawn to a square-root scale, as 
explained above. Likewise, the correction 
for superheat is derived, but as the density 
of steam is decreased by superheating, the 
pressure drop is increased above that shown 
by the curve for saturated steam and at the 
ratio of approximately 8 per cent for every 
50 degrees F. increase in superheat. For 
every 1 per cent of moisture in the steam, the 
pressure drop is decreased approximately 1 
per cent. 

The loss in pressure as shown by Curves 
Nos. 3 and 4 is for straight pipes 100 feet in 
length, but for a given flow of steam, size of 
pipe, and pressure, the drop is proportional 
to the length, and if the pressure loss for any 
length of pipe other than 100 feet is desired, 
it is necessary only to divide the drop found 
from the curves by 100 and multiply by the 
length in question. 

Elbows, globe valves and square-ended en- 
trance to pipes all offer additional resistance 






10 8T&AM PIPING 

to the passage of steam. Many formulae have 
been advanced for computing the length of 
pipe, in terms of the diameter, equivalent to 
such fittings that offer extra resistance, but 
they vary widely; and unfortunately those 
who have made actual experiments on the 
pressure loss in pipes under various condi- 
tions of flow, size of pipe, and pressure, seem 
to have failed to include such fittings in their 
experiments. It seems to be standard prac- 
tice to allow for the extra resistance at the 
entrance of a pipe (where no special bell or 
gradual throat is provided) a length equal to 
60 times the diameter of the pipe, for a right- 
angle elbow a length equal to 40 diameters, 
and for a globe valve a length equal to 60 
diameters. The effect of gate valves, and 
bends, with a radius in feet equal to the diam- 
eter of the pipe in inches, is slight and can 
be considered the same as a straight section 
of pipe. Having obtained from Curves Nos. 
3 and 4 the pressure drop per 100 feet for 
any given condition, the total drop can be 
obtained from any section of piping with 
valves, elbows, etc., by this equation: 

»-^x* + ^'^ + ^ + ^')*"> 

in which 
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Example 
p » total pressure drop 

Pi » pressure drop per 100 feet 2 pounds 

L = length of pipe 50 feet 

d B diameter of pipe in inches 3 inches 
E » Number of entrances to pipe 1 

M » Number of elbows 3 

Gv « number of globe valves 2 

Substitnting the values shown in the exam- 
ple, we have 



^ (50+15+30+30) =:r^Xl25= 2. 5 pounds, 



100 ^ •*-»--' ---/ 100 

total pressure drop. 

It should be remembered that a pressure 
drop is not altogether a loss of energy, but a 
change into heat energy due to friction, and 
this energy is returned to the steam by re- 
heating it, so that the only actual loss of 
energy is that due to the extra radiation from 
the pipe. The throttling calorimeter clearly 
demonstrates this point. 

Therefore, the energy loss due to radiation 
is far more serious than pressure-drop loss. 
The evils of water of condensation in steam- 
piping systems are well known and precau- 
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tions are generally taken to gnard against 
the effect^ but not to snch an extent the cause. 

Radiation Losses 

Heat loss by radiation is not governed by 
the quantity of steam flowing, as is pressure 
drop, but by the difference in temperature of 
steam and external air, size of pipe or square 
feet of radiating surface, the quality and 
thickness of pipe covering or coefficient of 
radiation, as shown in Table 1, page 16. 

It will be noticed that the coefficient of ra- 
diation is given for lineal feet of pipe and not 
for square feet of pipe surface ; this was done 
for convenience of comparison. It will be 
seen that the radiation loss is 29 per cent 
less for a 6-inch pipe covered with 114-iiich 
covering than with 3^-inch covering; likewise, 
if a 4-inch pipe is used, instead of a 6-inch, 
both insulated with 114-inch covering, the 
4-inch pipe will result in a saving in heat ra- 
diation of 27 per cent. Hence, it is of impor- 
tance that the size of pipe employed be such 
that the combined heat losses, due to radia- 
tion and pressure drop, are a TniniTnum, To 
this end Curve No. 5 is presented. In fig- 
uring this curve some standard quality and 
thickness of pipe covering, external tempera- 
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ture of air, and radiation per square foot 
of pipe area per degree difference in tem- 
perature between steam and external air have 
to be assumed. The following have been 
chosen as a fair average of standard condi- 
tions: 

1%-inch magnesia canvas-covered cover- 
ing, 

70 degrees P. temperature of air. 

The radiation loss in B.t.u. per square foot 
pipe surface per hour per degree difference in 
temperature is shown in Table 2, page 17. 

The radiation loss per hour per 100 feet 
of pipe was calculated according to the above 
conditions for the various pipe sizes and 
pressures, likewise the heat loss in B.t.u. per 
hour per 100 feet of pipe due to pressure 
drop. The drop in pressure corresponding to 
the various flows, pipe diameters, and pres- 
sures of steam considered was derived from 
Curves Nos. 3 and 4, and the heat loss due 
to this drop obtained from Marks & Davis 
Steam Tables. By comparing these losses, it 
was found that the most economical size of 
pipe, or the size resulting in the minimxmi 
heat loss, is obtained when the loss due to ra- 
diation is five times that due to loss in pres- 
sure. In a similar manner this comparison 
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Explanation of Cubves Nos. 1, 2, 3 and 4 

These curves will be found on a folded insert inside 
the back cover of this volume 

Take for example, 

20,000 pounds steam per hour 
75 pounds steam pressure 
6-inch pipe 

To Find VdocUy:— 

At 20,000 pounds on Curve No. 1, read vertically 
downward to the 6-inch pipe diameter curve, then 
horizontally to the left; it will be seen that the 
velocity would be 107 feet per second if the pressure 
was 100 pounds gauge, but as the pressure is 75 
pounds continue to the left to the 75-pound pressure 
line (Curve No. 2), then read vertically upward to 
the velocity axis, which shows a velocity of 135 feet 
per second, as indicated by the arrows. 

To Find Drop in Pressure: — 

Take for example, 

30,000 poimds steam per hour 
125 pounds steam pressure 
7-inch pipe 

At 30,000 pounds on Curve No. 3, read vertically 
upward to the 7-inch pipe diametor curve, then 
horizontally to the left; it will be seen that the drop 
in pressure would be between 1.00 and 1.21 poimds 
if the pressure was 100 poimds gauge, but as the 
pressure is 125 pounds, continue to the left to the 
125-pound pressure line (Curve No. 4), then read 
downward to the drop in pressure axis, which shows 
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a drop in pressure between .81 and 1 .00 pounds per 
100 feet of pipe. The exact drop can be found by 
extracting the square root of the smaller scale numb^ 
read, dividing the space between the two divisions 
into ten parts, and counting each small division as 
.01 and then squaring the result, so found, i.e. 

VM « .9, + .06 - .96, .96? - .92 pounds, drop 

in pressure. 

Likewise if any three of the five variables, pressure' 
pipe diameter, flow, velocity and drop in pressurey 
are known the other two can be obtained. 

For instance, take for example 

Steam at 50-poimds pressure flowing at a velocity 
of 90 feet per second in a 10-inch jApe. 

To find the pounds of steam flouring per h(ntr and the 
resvUing drop in pressure: — 

At 90 feet velocity on Curve No. 2 read vertically 
downward to the 5&-pound pressure line, then hori- 
zontally to the right to the 10-inch pipe line. Curve 
No. 1, then vertic^y upwards to the flow axis, show- 
ing a steam flow of 26,300 pounds per hour. To find 
the pressure drop, read vertically upward from this 
flow to the 10-inch pipe line Curve No. 3, then hori- 
zontally to the left to the 50-pound pressure line, 
then vertically downward to the pressure drop axis, 
showing a drop in pressure between .16 and .25 
pound or . 21 pound per 100 feet of pipe, i.e., 

VT16,= .4, + .06 - .46, .^ - .21 

Note : — 

In reading Curves Nos. 2 and 4 do not cross hori- 
zontal axis between drop in pressure and velocity. 
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Tablb 1 

b.t.u. loss per lineal foot of pipe per hour per degree 

DIFFERENCE IN TEMPERATURE OF STEAM 
AND EXTERNAL AIR* 





t ThiokneiB of Pipe Covexixig, Inches 


PipeDuun. 
















Bare 


H 


H 


1 


IH 


IH 


2 


2.00 


.478 


.381 


.323 


.276 


.255 


4 


3.5 


.798 


.«07 


.518 


.45 


.395 





5.01 


1.13 


.865 


.71 


.615 


.536 


8 


6.43 


1.42 


1.085 


.89 


.766 


.67 


10 


7.98 


1.77 


1.34 


1.09 


.928 


.81 



was made for various static pressures and 
sizes of pipe and the Curve No. 5 § plotted to 
a square-root scale, which greatly smoothed 
out these curves. This curve shows the most 
economical size of pipe to be used, also the 
resulting drop in pressure per 100 feet of 
pipe ; but as the pressure drop and radiation 
losses are proportional to the length and the 
extra radiation of the fittings makes up for 
their additional pressure loss, the curve holds 
for any length of pipe. To apply this curve, 
take for example 30,000 pounds steam per 
hour, 150-pounds gauge pressure, and 150 
feet effective length of pipe ; to find the most 
economical size of pipe, read vertically from 
the 30,000-pound flow line to the inter- 
section of the 150-pound pressure line; this 

* Caloulated from data given on page 314, Babooek A Waloox Steam 
EEandbook. 

t Covering magnesia, oanvas-oovered. 

|Curve No. 5 will be found as a folded insert inside tbe baok oover qf 
this vi^ume. 
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also intersects the 6-inch pipe line, which 
shows that this size of pipe will result in 
the minimnm energy losses. By reading hori- 
zontally to the left from this intersection, the 
pressure drop is found to be 1.88 pounds per 
100 feet or 2.82 pounds for 150 feet of piping. 
If, for instance, the pressure had been taken 
at 125-pounds pressure, the pressure curve 
would have been intersected between the 6- 
inch and 7-inch pipe Une, and the 7-inch pipe 
size used. To find the exact pressure drop 
under this condition, the Curves Nos. 3 and 4 
would have to be referred to— 4.6., 30,000- 
pounds flow, 7-inch -pipe, 125-pounds pres- 
sure, giving a pressure drop of .92 pounds 
per 100 feet or 1.38 pounds for 150 feet. 

By comparing the values obtained from 
Curve No. 5 with the velocity Curves Nos. 
1 and 2 it will be found that, under the as- 
sumed conditions of pipe covering and radia- 
tion, the most economical velocity to work 

Table 2 

badiation in b.t.u. per square foot op pipe surface 

per hour per degree difference in temperr 

ature of steam and external air, using 

ik-inch magnesia covering 



Pipe 
Diam. 

Inohds 


2 


3 


4 


5 


6 


7 


8 


10 


12 


B.t.u. 


.445 


.405 


.381 


.285 


.355 


.345 


.335 


.320 


.325 
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Table 3 

steam velocities adopted as standard by various 

manufacturers 



Manufacturer 


Velocity 

of Steam, 

Feet Per Second 


Remarks 


Boilen 


60 to 70 


At 100*pound gauce presBure. 

normal rating of boiler 
Boiler capable oi 100 per cent 

overload 




45 


Normal boiler rating saturated 

steam 
Boiler capable of 100 per cent 

overload 




75 


Normal boHer rating, 100 to 160 

degrees F. superheat 
Boiler capable of 100 per cent 

overload 


Turbines 


151) 


High-pressure admission pipe 




200 


Low'i>re8sure admission pipe 




400 to 600 


Exhaust to condenser 


Eingines 


20 to 40 


Mean velocity in admission pipe* 
100-po\md gauge pressure Sat- 
urated steam 


Summary of 10 builders 


140 to 180 


Average veloeitv in exhaust i»pe 
Atmospheric exhaust 



saturated-steam pipes of all sizes and pres- 
sures is 125 feet per second. With thinner 
pipe covering or superheated steam the veloc- 
ity would be proportionately increased. This 
opens up a very interesting subject, for as 
previously mentioned, it is customary to 
speak of a pipe being worked at a certain 
steam velocity, not a certain pressure drop. 
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Since the introdnction of steam turbines 
and large units, there has been a marked 
tendency towards higher steam velocities, 
though there is still a wide variation in the 
pipe velocities recommended by the different 
builders of steam machinery. 

In preparing this volume, the author wrote 
to a number of the manufacturers on this sub- 
ject and the information obtained appears in 
Table 3 opposite. These figures represent the 
manufacturers' standards and may vary 
widely according to the purchasers' specifi- 
cations. It has been claimed that a high 
velocity in the boiler riser will cause the 
boiler to foam ; this does not seem logical and 
has not proven so in practice. Foaming is 
more or less dependent upon the rate at 
which the boiler is driven and has no bearing 
on the velocity at which the steam is taken 
away, so long as the proper deflection plates 
and dry pipes are provided in front of the 
boiler outlet. 

It will be noted that the reciprocating- 
engine builders employ a much lower velocity 
than the other builders, due to the fact that 
steam does not flow continuously, but inter- 
mittingly, in the supply pipe to an engine. 
Take for instance an engine operating at one- 



' 
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fourth cut-off; the steam in the supply pipe 
is flowing theoretically only one-fourth of the 
time, so that the momentary velocity, when 
the engine is taking steam, is four times the 
mean velocity. Some engine builders claim 
satisfactory results are not obtained by plac- 
ing at the engine a receiver of sufficient vol- 
ume to supply the instantaneous quantity of 
steam demanded by the engine, .and working 
the steam header at a higher velocity. The 
author has found this method very satisfac- 
tory, in some cases, not only in eliminating 
bad vibrations in the steam piping, due to 
the pulsating flow, but in producing an actual 
reduction in the drop in pressure, due to the 
elimination of the extra friction caused by the 
reciprocating flow of steam in the main 
header. 

Though it is generally considered good 
practice to design steam piping, to be oper- 
ated under continuous-flow conditions, for a 
velocity of 100 feet per second, it is extreme- 
ly seldom this velocity is found in practice. 
In the majority of cases it will vary from 25 
to 75 feet per second, and the author has 
found the velocity so low that a Pitot-tube 
deflection would hardly be noticed. 

The designing engineer will invariably ac- 
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knowledge that the steam piping installed is 
entirely too large for the present needs, but 
that it was so designed to take care of future 
growth of the plant But why plan only the 
piping for a 300 to 500 per cent future 
growth, when no allowance is made for such 
growth in other equipment! If first cost, re- 
pairs, and interest on this extra-size piping 
and the excessive heat losses due thereto are 
figured, it will often be found that the piping 
could have been replaced several times be- 
fore the plant had grown to its pipe capacity. 
This point is well illustrated in a case where 
a belt line of 10-inch pipe of about 300 feet in 
length supplied an engine room that had 
been added to several times, until the total 
capacity was 500 horse power. The maxi- 
mum steam demand was approximately 12,- 
500 pounds per hour at 125-pounds pressure, 
resulting in a velocity of 10 feet per second 
in each leg; this is maximum conditions, re- 
member. One leg of the 10-inch pipe was cut 
out and held in reserve and a 4-inch pipe sub- 
stituted for the other, through which the ve- 
locity reached a maximum of 125 feet per sec- 
ond. When this was recommended, the oper- 
ating engineer objected strenuously, saying 
that he would not be able to maintain steam 
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pressure in the engine room, because of the 
reduced pipe area, and that the additional 
coal required to carry a higher pressure to 
make up this pressure loss would be greatly 
in excess of the heat loss by radiation from 
the 10-inch pipe. Figuring this point out, the 
total heat in steam at 125-pounds gauge pres- 
sure is 1192.2 B.t.u. and assuming a pressure 
of 130 pounds had to be carried to make up 
for a 5-pound pressure loss, the total heat at 
130-pounds gauge pressure is 1192.8 B.t.u. 
or .6 B.t.u. per pound of steam per hour must 
be added for an increase of 5 pounds pres- 
sure. If 12,500 pounds of steam is used per 
hour, 12,500 X .6 or 7,500 B.tu. additional 
heat will be required per hour. Using coal of 
12,500 B.t.u. per pound and a boiler efficiency 
of 60 per cent, there is available 7,500 B.tu. 
per pound of coal, or it will require exactly 1 
pound of coal per hour to carry the extra 5 
pounds pressure. In the above-mentioned 
case there resulted no additional pressure 
drop by installing the 4-inch pipe, but to the 
contrary a considerable saving in the coal 
pile, largely due to shutting down two large 
ventilating fans, made necessary by the ex- 
cessive radiation from the large-size pipes 
formerly used in the plant 
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It is strange that the average operating en- 
^neer has sach a fear of pressnre-drop 
losses. They do not hesitate to make allow- 
anoes for voltage drop in electrical transmis- 
sion lines and design with care the proper 
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size of conductors to be used, but with the 
steam end it is different-doubtless due to 
the fact that electrical losses are so easily 
figured and are not governed by the numer- 
ous variables that enter into the calculation 
of steam data; strange, too, as it is from 
steam that the original cost of generating 
electric power is incurred. 

The points to be brought out in this article 
may best be shown by taking some actual pipe 
installation and applying to it the curves here 
shown. Figure 1 is a piping layout in one of 
our moderate-sized central-station plants. 
The maximum flow in the 8-inch pipe from 
the boiler to the 14-inch header and to the 
engine is 26,000 pounds and the normal flow 
17,000 pounds per hour at 150-pounds gauge 
pressure. 

Length of S-inch pipe from boiler to 14-inch header = 

60 feet 
Length of 8-rQch pipe from header to engine =» 

37 feet 

Total length, 87 feet 

Effective length = 87 + ^^-^ X 2 = 107 feet + 

say 15 per cent for easy bends = 123 feet. 
Velocity 26,000 pounds maximum flow, 8-inch pipe, 

150-pounds pressure == 57 feet per second. 
Velocity 17,000 pounds normal flow, 8-inch pipe, 

150-poimds pressure « 37 feet per second. 
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Drop in pressure, 26,000 » pounds TnAYimnip flow 

per 100 feet = .30 pound. 
Drop in pressure, 26,000 = pounds nraxiTnuTn flow 

per 123 feet =» .37 pound. 
Drop in pressure 17,000 poimds normal flow per 100 

feet » . 12 pound. 
Drop in pressure 17,000 pounds normal flow per 

123 feet = . 15 poimd. 

From Curve No. 5 it will be found that for 
26,000-pounds steam flow at 150-pounds pres- 
sure, the most economical size of pipe is be- 
tween 5 and 6 inches, and if a 6-inch pipe is 
used the above values would become : 

Velocity 26,000-pounds maximum flow, 6-inch pipe, 

160-pounds pressure = 98 feet per second. 
Velocity 17,000-poimds normal flow, 6-inch pipe, 

150-poimds pressure = 64 feet per second. 
Drop in pressure 26,000 pounds maximum flow per 

100 feet = 1.37 pounds. 
Drop in pressure 26,000 pounds maTrimum flow per 

123 feet = 1.68 pounds. 
Drop in pressure 17,000 pounds normal flow per 

100 feet = .58 pound. 
Drop in pressure 17,000 poimds normal flow per 

123 feet = .71 pound. 

It will be seen that the use of a 6-inch pipe 
does not result in excessive steam velocities 
nor pressure drop, and by providing a re- 
ceiver of sufficient volume at the engine better 
results could be obtained than with the pres- 
ent 8-inch piping, without a receiver, as the 
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14>iiicli header is not dose enough to the en- 
gine to serve this purpose. This is by no 
means an extreme case; many worse ones 
could be cited. 

The cost of material, labor and covering for 
an installation of 8-inch high-pressure piping 
is about 25 per cent more expensive than a 
similar installation of 6-inch piping, and this 
saving in favor of the smaller pipe is in- 
creased by the reduction in heat losses and 
repair charges. In cases where pipes two to 
three sizes too large are used, the first cost 
is proportionally increased, and it is hard to 
mention any other items in the design of a 
power plant where from 25 to 50 per cent 
unnecessary increase in the first cost is so 
often found as in the piping installation. 

Of course, every installation of piping has 
to be designed according to the conditions to 
be met with in practice, and no definite rule 
as to the exact size of pipe, thickness of cov- 
ering, etc., can be made. In one case it may 
be advisable to design the piping for a veloc- 
ity of 150 feet per second, while in another, 
half this velocity may be found most economi- 
cal. It is hoped this chapter and the curves 
here shown will be of service to the designing 
engineer in deciding this point. 



Chafteb II 

SPECIAL CONDITIONS APFECTHSTG LOW- 

PKESSTJBE SYSTEMS 

"DEFOEE designing the piping layout for 
•^^ a steam-heating system, it is necessary to 
determine the amount of heating or square 
feet of radiating surface required, and the 
source of supplying the steam ; then the dis- 
tribution system — ^the piping — connecting the 
source of supply with the point of use is con- 
sidered, and the latter item will be treated 
in this chapter. 

No attempt will be made to discuss the 
various methods of calculating the square 
feet of radiating surface required for differ- 
ent types of buildings, nor the merits of the 
various methods of steam heating, namely, 
direct, indirect, semi-indirect, employing the 
numerous wet- and dry-pipe return systems 
on the market. In fact, there seems to be 
such a diversity of opinion as to the value 
of the various systems of steam heating in 
use, that an article on the subject is only an 
expression of one's personal views in some 

27 
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particular case. This fact is not due to any 
lack of co-operation on the part of the engi- 
neering profession, but due to each installa- 
tion presenting a problem within itself that 
has to be solved to meet the conditions xmder 
which it is to be operated. 

It is my endeavor to present certain funda- 
mental principles that have been somewhat 
generally accepted, in such form as to be use- 
ful to the engineer in the general design of 
the piping layout for steam-heating systems 
and other installations using low-pressure 
steam. 

The item of first importance in designing 
a heating system is that the radiating surface 
be ample. No system of circulation can do 
more than keep the radiating surface at the 
temperature of the steam, and only a small 
variation in temperature can be judiciously 
obtained by varying the steam pressure. 
Next in importance is the circulating system, 
for without the proper size of steam mains 
and connections the radiating surface is un- 
able to perform its duty. There is a contin- 
ual loss in the temperature and pressure of 
steam as it leaves its source of supply, due 
to radiation and friction pressure losses. 
These losses may be kept to a minimum by 
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properly proportioning the size of pipe used, 
and result in a saving in both the installation 
and operating costs. 

The energy loss dne to radiation is not af- 
fected by the quantity of steam flowing in a 
pipe, whereas the resulting drop in pressure 
varies as the square of the flow of steam; 
that is, by doubling the flow the pressure drop 
is increased four times; therefore, in deter- 
mining the size of mains, the resulting drop 
in pressure is the governing feature, and a 
drop-in-pressure curve is shown (Curves 8 
and 9).* 

As the drop in pressure is directly depend- 
ent upon the quantity or velocity of steam 
flowing, as previously stated, and as it is 
easier to calculate velocity than pressure 
drop, velocity therefore being more generally 
used, a steam velocity curve is also presented 
(Curves 6 and 7). 

CoBPPiciBNT OP Condensation 

To determine the velocity of steam flowing 
in a pipe, the quantity of flow has to be 
known, and as it is customary to rate heat- 

* Cnrvw 6, 6A, 7, 8, 8A, and win be found on a sheet folded and iih 
•erted within the baok oom of this Tolume. 
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ing systems in square feet of radiating sur- 
face, it is necessary to assume some value 
for the coefficient of condensation per square 
foot of radiation. This coefficient will vary 
with conditions of use ; but as long as a stand- 
ard is chosen and all calculations are based 
on it, any value can be taken, and if any other 
coefficient is preferred it can be applied by 
direct proportion. It has been found in prac- 
tice that under ordinary conditions of direct 
radiation, with steam at atmospheric pres- 
sure and degrees F. outside temperature, 
each square foot of radiation surface will con- 
dense 0.3 pounds of steam per hour. For 
indirect radiation this figure will be increased 
three or four times, but for direct radiation 
it can safely be taken as a fair maximum un- 
der ordinary operating conditions, and is 
here used, though the curves, 6, 7, 8, are 
drawn with a double scale — square feet of ra- 
diating surface and pounds of steam per hour 
— so that the curves can be used for any other 
value of the coefficient of condensation by 
simply multiplying the square foot of radia- 
tion by the coefficient chosen to obtain the 
maximum pounds of steam condensed per 
hour, and reading from the value so found on 
the pounds-flow scale. 



LOW-PBESBUSB STSTBliS 81 

Debivatiok of Gubvbs 

In calculating the steam-velocity and drop- 
in-pressure curves here shown, the same for- 
mulae and methods are employed as in the 
preceding chapter and will be only briefly ex- 
plained. 

Steam- Vblooity Cubvb 

Curve 6 is drawn between square feet of 
radiation surface or steam-flow pounds per 
hour and the resulting velocity for the vari- 
ous standard sizes of pipes at 14.7 pounds* 
absolute pressure, and calculated from the 
formula 

V = lA (vn) 

^ 25A ^ ^ 

in which 

V » velocity of steam m feet per second. 

F « flow of steam m pounds per hour. 

S » specific volume of steam at 14.7 pounds ab- 
solute pressure. 

A » internal area of pipe in square inches. 
25 » constant resultinglby reducing hours to seconds 
and square feet to square inches. 

By substituting in this equation for any 
chosen flow at 14.7-pounds absolute pressure, 
the velocities for the various sizes of pipes 
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are obtained, and if the velocity at any other 
pressure is desired it can be fonnd by re- 
ferring to the pressure-correction lines, 
Curve 7, which are derived by taking the 
ratio of the specific volume of the pressure 
in question to that at 14.7 pounds pressure 
and multiplying by the velocity at Hie latter 
pressure, i.e., 

Sx 

Velocity at pressure X or V, = 5 — X V14.7 ( VHI) 

To use these curves, suppose, for example, it 
is desired to find the velocity of steam flow- 
ing in a 7-inch pipe supplying 12,000 square 
feet of radiating surface condensing a maxi- 
mum of 3,600 pounds of steam per hour 
(12,000 X .3) at 20-pounds absolute pressure. 
Referring to the horizontal axis of Curve 6 
at 12,000 square feet or 3,600-pounds flow 
read vertically downward until the 7-inch 
pipe diameter curve is intersected, then to the 
left until the 20-pound line on Curve 7 is 
reached, then vertically upward to the veloc- 
ity axis showing a velocity of 74 feet per sec- 
ond. Likewise if the velocity is known for 
any pressure and size of pipe, the pounds flow 
per hour can be found by reversing the above 
process. Curve 6-A is an enlargement of 
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the lower section of Curve 6, to insure accu- 
rate reading. These curves are drawn for 
saturated steam, but the corrected velocila^ 
for any steam condition can be obtained by 
deducting 1 per cent for every per cent of 
moisture in the steam, and adding 8 per cent 
for every 50 degrees of superheat. 

Dbop-in-Prbssuee Cubvb 

The formula used in calculating the drop 
in pressure, due to friction as in the previous 
chapter, is 

p =0.000131 (l-^^)^ (IX) 

or 



in which 



/ pDd' \ 



w = pounds steam flowing per minute. 

p « difference in pressure between the two ends of 

pipe in pounds per square inch. 
D = density of steam. 
d = internal diameter of pipe in inches. 
L » length of pipe in feet. 

As the drop in pressure so obtained varies as 
the square of the flow (or square feet of ra- 
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dialing surface) the resultant curr^ is a 
parabola; but by plotting the pressure-drop 
ordinate to a variable scale (square root) the 
parabolic curve becomes a straight line and 
more accurately plotted. Curves 8 and 8-A 
are so drawn, curve 8-A being the same as a 
portion of Curve 8 drawn on a larger scale. 
These curves give the pressure drop in ounces, 
per 100 feet of straight smooth pipe, for vari- 
ous sizes of pipe, when worked at atmos- 
pheric pressure. The drop in pressure for 
any other static pressure can be found by re- 
ferring to Curve 9, as previously explained, 
for determining the velocity. Take for ex- 
ample the above mentioned case, i.e., 12,000 
square feet radiating surface or 3,600 pounds 
steam per hour flowing in a 7-inch pipe at 20 
pounds absolute pressure ; having found the 
velocity to be 74 feet per second, to determine 
the drop in pressure per 100 feet of straight 
smooth pipe : at 12,000 square feet or 3,600- 
pounds flow on the horizontal axis of Curve 8 
read vertically upwards until the 7-inch pipe 
diameter curve is intersected, then horizon- 
tally to the left to the 20-pound pressure line 
of Curve 9, then read vertically downward to 
the pressure-drop axis, which shows a drop 
between 1.21 and 1.44 or 1.30 ounces per 100 
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feet of pipe. In a like manner if any three of 
the five variables, i.e., pipe diameter, flow of 
steam or square feet radiating surface, static 
pressure, drop in pressure, and velocity, are 
known the two unknown quantities can be 
obtained from these curves. For instance, 
say the velocity in a 7-inch pipe at 25-pound8 
absolute pressure is 60 feet per second; to 
find the resulting steam flow and pressure 
drop : at 60 on the velocity axis Curve 7, read 
vertically downward until the 25-pound pres- 
sure curve is intersected, then horizontally 
to the right to the 7-inch pipe-diameter line, 
then vertically upward to the flow or square 
feet radiating surface axis, which gives 11,- 
900 square feet radiating surface or 3,570 
pounds flow. Now to find the drop in pres- 
sure, proceed from this point upward (Curve 
8) until the 7-inch pipe-diameter curve is 
reached, then horizontally to the left until 
the 25-pound pressure line is intersected 
(Curve 9), then downward to the drop-in- 
pressure axis, showing a drop in pressure of 
1.04 ounces per 100 feet of pipe. 

The drop in pressure is proportional to 
the length of pipe ; the additional loss, due to 
globe valves, bends and elbows, can be al- 
lowed for by treating each fitting as an addi- 
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tional length of pipe, and a convenient for- 
mula for calculating the equivalent length is: 

in which 

d a Diameter of pipe in inches. 

A " Length, in inches, of pipe equivalent to globe 

valve. 
B » Length, in inches, of pipe equivalent to bends 

and elboTVB. 

From this equation the following values are 
obtained: 

Table 4 
Equivalent Straight Pipe Due to 
Pipe Globe Valves Bends and Mbows 

Diameter Feet Inches Feet Inches 

1 2 1 15 

IM 4 2 2 10 

2 6 9 4 6 

2H 9 9 6 6 

3 12 11 8 8 

ZYi 16 5 10 11 

4 20 13 4 

4H 23 9 15 10 

6 27 7 18 6 

6 36 8 23 9 

7 44 29 4 

8 ...52 5 34 11 

9 61 1 40 9 

10 69 10 46 7 

12 87 8 68 6 

* Takan bom InganoU-Seratnnt Drill Co.'* Cstalocus. 
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Thus in the preceding example, if the total 
length of pipe was 500 feet with four globe 
valves and ten elbows, the total eflfeetive 
length would be 500 feet + 4 X 44.0 feet + 
10 X 29.34 feet, or 969 feet (see Table 4 for 
7-incli pipe), and the total drop in pressure 
would be 1.04 oz. X (969 -f- 100) feet, = 10. 
ounces or .63 pounds, resulting in an effective 
steam pressure at the point of use of 25 — 
.63 or 24.37 pounds absolute. 

AixowABLE Drop ik Pbessubb 

Now the question arises, what is the most 
economical drop in pressure permissible for 
low-pressure heating systems? This, of 
course, depends upon conditions of use. 
Where there are exceptionally large and 
lengthy runs, or where the system covers a 
number of scattered buildings, each building 
should be considered as a separate problem ; 
but under ordinary conditions the drop in 
pressure should not exceed 1 ounce per 100 
feet of straight pipe. This maximum drop 
can be used with very satisfactory results 
for all steam mains, risers, and radiator con- 
nections in buildings of ordinary size, but 
where low-pressure steam is distributed over 
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large areas a lower drop is often necessary, 
and where the distribution is made by high- 
pressure and reduced at the point of use, a 
higher drop should be allowed in the high- 
pressure system, as shown by Curve 5 in the 
preceding chapter. Therefore, adopting as a 
standard a drop in pressure of 1 ounce per 
100 feet of pipe for low-pressure heating sys- 
tems, and reading from Curves 6, 7, 8, and 9, 
at this drop, the corresponding values of flow 
and velocity for the various pipe diameters 
and pressures, and plotting the values so 
found. Curve 10 is produced.* This curve is 
convenient in determining the economical size 
of pipe to be used for any quantity of radia- 
tion at several different pressures (plotted 
for convenience as pounds gauge pressure) ; 
it also shows the resulting velocity. For in- 
stance, take a system containing 10,000 
square feet of radiating surface supplied by 
steam at 5-pounds gauge pressure, it being 
desired to know the size of the supply main 
that will result in a loss in pressure of 1 ounce 
per 100 feet of pipe. Bef erring to Curve 10 
at 10,000 square feet, read vertically upward 
until the 5-pound pressure line is intersected ; 



* CunrM 10 and lOA wUl be found on a aapTate shMti folded and in* 
Mrted within iha back ooyer of this volume. 
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EXPLANATION OF CURVES 

Nos. 6 and 6-A, 7, 8 and 8-A, and 9 

Eicample: — 

A 7-inch steam main supplying 12^000 square feet 
direct radiation, or 3,600 pounds steam per hour, at a 
maximum pressure of 20 pounds absolute. 

To find resulting velocity of steam. 

At 12,000 square feet radiation or 3,600 pounds 
steam per hour (12,000 X 0.3) on Curve No. 6 read 
vertically downwards to the 7-inch pipe-diameter 
line, then to the left; it will be seen that the velocity 
would be 99 feet per second if the pressure was 14.7 
pounds absolute, but as it is 20 poimds, continue to 
the 20-po\md line of the pressure-correction Curve 
No. 7, and at this point read vertically upwards to 
the horizontal velocity axis, showing a velocity of 
74 feet per second, as per arrow indications. 

To find resultant drop in pressure. 

At 12,000 square feet or 3,600 pounds steam per 
hour, on Curve No. 8, read vertically upwards to the 
7-inch pipe-diameter line, then horizontally to the 
left to the 20-pound absolute pressure line Curve 
No. 9, then vertically downward to the horizontal 
drop in pressure axis, showing a drop in pressure 
between 1.21 and 1.44 ounces per 100 feet of straight 
smooth pipe. As it is a variable ordinate scale 
(square root) the exact reading can be obtained by 
extracting the square root of the smaller scale number 
read and dividing the space between the two divis- 
ions into ten parts and adding each small division as 
.01 and then squaring the result so found, i. e., 
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Vl.21 - 1.1 

1.1 + .04 = 1.14 
1.14 » 1.30 oz. drop per 100 feet 

likewise, if any three of the five variables, namely 
static pressure, pipe diameter, velocity, square feet 
radiation or pound steam flow and drop in pressure, 
are known the other two can be obtained. The 
method of using the Curves forthis purpose is illus- 
trated as follows: 

Example: — 

Assuming a, velocity of 85 feet per second at 18- 
pound absolute pressure, 9-inch pipe. 



To find the resulting flow of steam or square feet of 
direct radiation and the drop in pressure. 

At 85 on the horizontal velocity axis of Curve 
No. 7, read vertically downward to the 18-po\md 
absolute-pressure line, then horizontally to the right 
to the 9-inch pipe-diameter line Curve No. 6, then 
vertically upward to the flow and square foot radia- 
tion axis, showing a flow of 6,000 poimds per hour 
and a radiation of 20,000 square feet. From tiiis 
point read vertically upward to the 9-inch pipe 
diameter line Curve No. 8, then horizontally to the 
left to the 18-pound pressure line Curve No. 9, then 
vertical^ downward to the horizontal pressure-drop 
axis, showing a drop in pressure per 100 feet of pipe 
between 1.00 and 1.21 or 1.13 oz., i. e. 



LOW-PRESSURE SYSTEMS 41 

vTo = 1 
1 + .065 « 1.066 

1.066 = 1-13 oz. 



Note. 



In using Curves do not cross horizontal axis be- 
tween drop in pressure and velocity of Curves Nos. 
7 and 9. Read Curves Nos. 6-A and 8-A same as 
Curves Nos. 6 and 8. 



EXPLANATION OF USE OF CURVE NO. 10 

Example: — 

A heating system containing 10,000 square feet 
(3,000 poimds steam per hour) direct radiating sur- 
face steam pressure &-pound gauge. 



To find size of supply main resulting in a drop in 
pressure of 1 oz. per 100 feet of straight smooth pipe. 

At 10,000 square feet radiating surface on the 
horizontal axis, read vertically upward to the 5- 
pound pressure line; this line is intersected between 
the 6-inch and 7-inch pipe-diameter line, thus a 7- 
mch pipe would be the required size. By reading 
from this point to the velocity axis at the left, the 
approximate velocity is found to be 66 feet per second, 
as per arrow indications. By referring to Curves 
Nos. 6 and 7 the exact velocity is found to be 62 ft. 
per second. 
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To find size of return maine restdting in a drop in 
preaeure of 1 ounce per 100 feel of straight emooth 
pipe. 

Divide the square feet direct radiating surface by 
the constant in the following table corresponding to 
the per cent of steam in returns and refer the radiation 
eo found to Curve No. 10 or 10-A at atmospheric 
pressure. 



Wet 

Return 


2H% 
Steam 


steam 


7H% 
Steam 


10% 
Steam 


Steam 


20% 
Steam 


26% 
Steam 


••-40 


4>ao 


•4-18.83 


+ 10 


-1- 8 


+ 6.71 


•f- 4.44 


•i- 3.64 



Example:— 

lOyOOO square feet direct radiation 

10 per cent steam required to maintam dry returns 

From table K «■ 8 and equivalent radiation = — ^ — 

« 1,260 square feet 

Referring to Curve No. 10 or 10-A at 1,250 square 
feet radiating surface and reading upward to the at- 
mospheric pressure line, it is intersected between the 
3-inch and Scinch pipe line; therefore 33^inch 
pipe is the most economical size to use. 
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this occurs between the 6-inch and 7-mch 
pipe lines ; therefore a 7-inch pipe would be 
the proper size to use, and by reading to the 
left at the intersection of the pressure line 
the velocity is shown to be 65 feet per second, 
though a 7-inch pipe supplying 10,000 square 
feet will result in a slightly lower velocity. 
If the exact velocity is desired, it can be 
found by referring to Curves 7 and 8, and 
will prove to be 62 feet per second. In like 
manner the proper sizes of the various branch 
risers can be obtained. Curve 10-A is the 
lower section of Curve 10 drawn to a larger 
scale to facilitate reading. 

Bbtubn Mains 

It has been customary to consider return 
mains as bearing a certain proportionate size 
to the supply mains, but this relation varies 
widely with the system of heating employed. 
The drop in pressure in the return mains 
should be the same as in the supply piping, 
namely 1 ounce per 100 feet of straight pipe, 
and the corresponding rating will be propor- 
tional to the square root of the ratio of the 
density of the steam suppUed and that of the 
returned fluid (waiter and vapor). As water 
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at 212 degrees F. is 1,600 times heavier than 
steam at atmospheric pressure, a wet return 
pipe will handle 40 (square root of 1,600) 
times as much radiation as a steam-supply 
pipe with the same friction lost in pres- 
sure. For instance, 10,000 square feet 
radiating surface at 5-pounds gauge pressure 
requiring a 7-inch supply pipe will require a 
return pipe sufficient to supply 10,000 -f- 40 
or 250 square feet of radiating surface at 
atmospheric pressure, or a 2-inch return pipe 
(read from Curve 10- A at 250 square feet on 
atmospheric pressure line). The retorn 
pipes for dry return systems must not only 
be large enough to carry the condensed 
steam, but also the steam necessary to sup- 
ply the heat lost by the returns. If in the 
above case it is assumed that 10 per cent of 
the steam delivered to the radiators is re- 
quired to maintain the dry return system, the 
required size of the return main would be 3^ 
inches, i.e., 10,000 square feet radiating sur- 
face, of which the return system has to be 
capable of handling 10 per cent steam or 
1,000 square feet radiating surface, also wa- 
ter at 212 degrees F., equivalent to 10,000 -r- 
40, or 250 square feet, resulting in a total 
equivalent of 1,000 + 250 or 1,250 square 
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feet radiating surface. From Curve 10- A, 
we find that 1,250 square feet intersects the 
atmospheric pressure line between the 3-inch 
and 3%-inch pipe line ; therefore the 3^-inch 
pipe would be the proper size to use. 

For any per cent of steam in returns, the 
size of return pipe, for a friction loss of 1 
ounce per 100 feet of pipe, can be found by 
dividing the corresponding constant in the 
following table by the square feet of radiat- 



Table 5 

TABLE OF CONSTANTS FOR DETERMINING SIZE OF 

RETURN PIPES 



Wet 
Betum 


2H% 
Steam 


5% 
Steam 


7H% 

Steam 


10% 
Steam 


16% 
Steam 


20% 
Steam 


26% 
Steam 


•+ 40 


•4- 20 


+ 13.33 


+ 10 


+ 8 


+ 6.71 


•1- 4.44 


•1- 3.44 



ing surface supplied and applying the 
equivalent square feet of radiation so found 
to Curve 10 or 10-A, using the atmospheric- 
pressure line. 

By covering the return pipes, somewhat 
smaller sizes can be used than are otherwise 
suitable, as the heat loss will be reduced, ne- 
cessitating less steam to be carried ; likewise, 
vacuum return systems, the temperature be- 
ing lower, require considerably less steam. 
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and a proportionate reduction in the size of 
return pipes can be made, the amount depend- 
, ing upon existing conditions. 

These curves and those contained in the 
preceding chapter conclude the discussion of 
the laws governing the flow of steam and the 
economical design of steam piping. In the 
following chapter the use of exhaust steam for 
heating purposes, and effect of back pressure 
on engine efficiency, will be treated. 



Chaptbb III 

SAVINGS OBTAINABLE FROM EXHAUST 

STEAM 

TT is a strange fact that the average large 
-*- user of heat and power has failed to in- 
form himself regarding the economical oper- 
ation of this department of his business. 
Every other department may receive his 
dose stndy, but the heat and power depart- 
menty so long as it does its allotted duty, is 
not given much consideration, and it is not 
uncommon to find industrial plants where a 
saving of from 25 to 75 per cent could be ef- 
fected. Many will acknowledge that this in- 
efficiency exists, but will excuse themselves by 
saying, ^^It is one of the things that cannot 
be helped, and as our heat and power depart- 
ment cost is only a small per cent of the total 
production cost, say 5 per cent, a saving of, 
say, 20 per cent in this department is only a 
one per cent total saving — a small item.^' 
But why should not a saving in one depart- 
ment be sought after as much as in another ; 
the owner would not hesitate to avail himself 
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of an equivalent saving in time or material 
used in the production of his article of manu- 
facture ; whereas with the heat and power de- 
partment it is different. And why! Simply 
because the heat and power department, in 
the majority of cases, is not directly a pro- 
ducer and receives no credit for the work it 
does for the various other departments. The 
time and material furnished each department 
is charged up against that department and 
it is expected to deliver a certain quantity of 
finished goods, but no charge is made for the 
heat and power used. If one department is 
able to produce more goods it is given credit 
for its increased efficiency, but the power de- 
partment has no credit side on the factory 
ledger, only a debit side, and simply has to 
answer the demands of the various depart- 
ments over which it has no control, and not 
until it is unable to supply these demands is 
it given any consideration. 

It wiU be understood, of course, that I am 
referring to large users of heat and power 
(factories and large public buildings) espe- 
cially those using steam for heating, cooking, 
and drying purposes. 

The owner is not altogether to blame for 
his power-plant inefficiency, as the manufac^ 
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tnre and transmission of steam is an invisible 
process — ^in boilers and pipes — and the lack 
of reliable means for measuring the flow of 
steam is responsible for the habit of neglect- 
ing this department. 

Ever since the introdnction of electricity 
we have had and made free use of electrical 
meters, but it has only been within the past 
few years that reliable steam meters have 
been on the market, and these meters, with 
the accompanying coal and water weighers, 
have done more to demonstrate the wasteful 
use of steam and arouse the interest of the 
plant owner than anything I know of. In one 
large plant with which I was connected, the 
newly installed steam meters unearthed leaks 
and other waste amounting to over $60,000 a 
year, and this is by no means an extreme case. 
I could quote many proportionately worse, 
but simply mention this to show the field for 
saving that even the largest plants have over- 
looked. 

Since the introduction of the high efficiency 
steam turbine and of the internal combustion 
engine it has been stated that the steam en- 
gine will be wiped from the industrial field as 
completely as the American buffalo has from 
the prairies of the West. This is undoubted- 
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ly true of the large condensing engines used 
for central-station purposes, but where there 
is any demand for exhaust steam for heating, 
cookingy or drying purposes the simple steam 
engine will maintain its supremacy and be- 
come more and more used as the value of ex- 
haust steam for this purpose is realized. 

The engine builder, realizing the necessity 
of maintaining a demand for his product, has 
done much in the form of advertising to bring 
before the public the value of exhaust steam. 

The best thermal efficiency claimed for a 
steam turbine is about 25 per cent and for an 
internal combustion engine about 30 per cent, 
whereas by using the exhaust steam from an 
engine for heating purposes a thermal effi- 
ciency from 75 to 90 per cent is not uncom- 
mon in practice. The theoretical perfect effi- 
ciency of a turbine operating at 200-pounds 
gauge pressure, 200 degrees F. superheat, 
and 29-inch vacuum is only 32.4 per cent, so 
that the limit has been very closely ap- 
proached and there is no possibility of the 
steam turbine approaching the efficiency of 
the by-product steam engine. 

The above statement can be more forcibly 
impressed by considering the heat required 
to convert one pound of water at 32 degrees 
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F. into steam at, say, 115 pounds absolute 
pressure as follows : 



(1) Heat required to raise one 
pound water at 32 degrees to 
water at 212 degrees F. 



(2) 



(3) 



Heat required to convert one 
pound water at 212 degrees 
to steam at 212 degrees 



Heat required to raise one 
pound steam from 212 de- 
grees to 338.1 degrees, the 
temperature of steam at 115 
pounds absolute pressure 



180 B.t.u.of 
sensible 
beat 



970.3 B.t.u.of 
latent 
heat 



Total 



38.5 B.t.u.of 
sensible 
heat 

1188.8 B.t.u. 



It requires the same heat from the furnace to 
produce one B.t.u. of latent heat of evapora- 
tion as it does one B.t.u. of sensible heat, but 
there is yet to be devised a method of convert- 
ing this enormous quantity of latent heat into 
mechanical energy, and, unless this heat is 
used for heating, cooking, or boiling pur- 
poses, this energy in the steam is wasted — 
except where it is partly used for heating the 
feed water, and then only about one-seventh 
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Table 6 

percentaoe op total heat remaining in exhaust 
steam at various steam consumptions 

Pounds Steam Consumed Per Cent of Total Heat 

by Non-condensing B.t.u. Supplied Contained 

Engine per I.h.p. in Exhaust Mixture 

20 to 25 89 

25 to 30 91 

30 to 36 92.5 

35 to 40 93.5 

40 to 45 94.5 

45 to 50 95 

50to60 96 

60to70 96.5 

70 to 80 97 

80 to 100 97.5 
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of it is used, as generally the feed water en- 
ters at 70 degrees F. and is raised to about 
210 degrees F. 

A practical caise will best show the point 
in question. Take a simple automatic cut-oflf 
governor engine operating at 100 pounds 
gauge pressure, 5 pounds back pressure, re- 
quiring 40 pounds of dry saturated steam per 
i.h.p. The thermal eflSciency of this engine 
will be 2,545 -=- (1,189 X 40) = 5.3 per cent, 
and there remains in the exhaust steam mix- 
ture 94.7 per cent of the total heat supplied ; 
but not all of this is available for heating pur- 
poses, as part of the mixture contains water 
of condensation, amounting to 3 per cent in 
this case, so 97 per cent of the heat of the ex- 
haust mixture is available as dry steam. As 
the total heat of steam at the exhaust pres- 
sure of 5 pounds gauge is 1,156 B.t.u., there 
is available 97 per cent of 1,156, or 1,121 B.t.u. 
per pound of steam, and this is 1,121 X 100 
-7- 1,189, or 94.3 per cent of the total heat sup- 
plied. Curve No. 11 and accompanying table 
(No. 6) are presented for obtaining this value 
quickly. Referring to the table and curve for 
example, the total heat of steam at 100 pounds 
gauge equals 1,189, and the percentage of to- 
tal heat available in the exhaust, correspond- 
ing to 40 pounds steam consumption per 
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Lkp., is 94.5 per cent— which checks the 
above (94.3 per cent) sufficiently dose for 
practical purposes, and as close as the engine 
consumption will be known. 

Again, referring to the useful heat in the 
steam — 1,121 B.t.u. — if it is used for heating 
purposes and condensed to water at 212 de- 
grees, 1,121 — 212 or 909 B.tu. will have been 
used for this purpose, or 909 X 100 -=- 1,189 
= 76,6 per cent of the total heat supplied is 
used for heating. There is also a credit to 
be given for the heat returned to the boiler in 
the feed water, as we started with water at 
32 degrees. This is 212 — 32 = 180 degrees 
or 15.1 per cent. Summarizing the total en- 
ergy extracted from the original steam sup- 
plied the engine, we have 5.3 per cent con- 
verted into mechanical energy, 76.6 per cent 
used for heating purposes, and 15.1 per cent 
returned to the boiler in feed water, or a 
total thermal efficiency of 97 per cent. This 
does not take into consideration any engine or 
pipe heat losses, which will be governed by 
the length and size of pipe and covering used, 
but it will be seen that an over-all thermal ef- 
ficiency in practice between 75 and 90 per cent 
is not impossible, nor is it uncommon in a 
well designed plant. 
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It will also be noted that the power devel- 
oped by the engine is nothing more than a by- 
product and the exhaust steam from it is 
really the useful product. 

It may prove interesting to figure out the 
loss in tons of coal if the exhaust steam were 
wasted in the above case and live steam used 
instead for heating. This is not infrequently 
the case; I have just inspected a plant 
where the exhaust from four pumps could be 
used for heating water by running a pipe not 
over 10 feet, and the live steam now used 
would be saved. Say the engine is 100 horse- 
power using 40 pounds of steam per horse- 
power, as in the above example, operating 10 
hours per day and 300 days per year; there 
will be exhausted 12,000,000 pounds of steam 
containing 1,121 B.t.u. per pound, or a total 
of 13,452 million B.iu. If coal costing $3.00 
per ton, having a calorific value of 12,500 
B.t.u. per pound, is used and a boiler effi- 
ci€|noy of 60 per cent (a fair operating condi- 
tion) each pound of coal will produce 7,500 
B.txL of steam, thereby requiring 1,800,000 
pounds of coal, or 900 tons, or $2,700 per 
year wasted. Does such a condition exist in 
your plant t 

Where a temperature not in excess of the 
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exhanst-steam temperature is required, ex- 
haust steam is just as good as live steam for 
heating purposes — even better, as the gentle 
puffs of the engine exhaust seem to aid the 
circulation of the steam through the heating 
system and prevent air pockets being formed. 

Effect of Back Peessube on Engine 

Efficiency 

With a reasonable amount of back pressure 
on an engine the effect is not so serious as 
generally believed. Naturally if the back 
pressure is increased and other conditions 
unchanged, the power developed by the en- 
gine will be reduced; but this can be over- 
come either by increasing the length of cut- 
off, thereby requiring a greater amount of 
steam, or by increasing the initial steam pres- 
sure, or both. The most advisable method 
depends upon operating conditions. If there 
is a demand for the increased exhaust steano. 
it is better to increase the cut-off, but if the 
extra exhaust steam cannot be used it is more 
economical to increase the initial pressure. 

An example wiU best explain these points : 
Take a non-condensing engine, operating at 
115 pounds absolute initial pressure, 15 
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pounds absolute exhaust pressure, and one- 
quarter cut-off at full load, where it is de- 
sired to use the exhaust steam for heating 



Cimra No. 12 

purposes at 20 pounds back pressure. Be- 
quired to find : 

1. The reduction in power developed by 
the engine due to the increased back pressure, 
the initial pressure and cat-off remaining the 
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same. The output of the engine under these 
conditions is proportional to the mean effeo- 
tive pressure in the two cases, which is ob- 
tained from the familiar equation: 






in which 



Pm » absolute mean pressure 
Pi » absolute initial pressure 
R « ratio of expansion 

For convenience, Curve No. 12, derived 
from this equation, is used. 

At one-quarter cut-oflf the ratio of absolute 
mean to absolute initial pressure is 0.596 
(read from curve), and, as the initial pres- 
sure is 115 pounds absolute, the theoretic 
mean is 115 X 0.596, or 68.54 pounds abso- 
lute. By increasing the back pressure 5 
pounds, the initial pressure and cut-off re- 
maining the same, the mean pressure becomes 
68.54 — 5, or 63.54 pounds absolute; and as 
the output of the engine is proportional to the 
mean pressure, the reduction in power will 
be (68.54 — 63.54) X 100 -r- 68.54 or 7.3 per 
cent. Thus, by increasing the back pressure 
on the engine 5 pounds, the output of the en- 
gine isiiecreased 7.3 per cent. 
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2. To find the increase in steam consump- 
tion due to increasing the back pressure 5 
pounds, the initial pressure and power de- 
veloped remaining the same. For the engine 
to do the same amount of work, imder this 
condition, the same mean pressure must ex- 
ist ; therefore, a greater amount of steam has 
to be supplied by increasing the cut-off, and 
the problem resolves itself into finding the 
cut-off under the new conditions. With an 
absolute mean pressure of 68.54 pounds abso- 
lute and an increased back pressure of 5 
pounds, the mean pressure for the engine to 
do the same work becomes 68.54 -f- 5 or 73.54 
pounds, and the ratio of absolute mean to 
absolute initial pressure, under the new con- 
dition, is 73.54 -r- 115 or 0.64 ; and this ratio, 
from the curve, gives a cut-off of 0.28. As 
the steam consumption of an engine is pro- 
portional to the cut-off the resulting increase 
in steam consumption becomes (0.28 — - 0.25) 
X 100 -f- 0.25 or 12 per cent. 

3. To find the necessary increase in initial 
pressure due to a 5-pound increase in back 
pressure, the cut-off and power output re- 
maining the same. At one-quarter cut-off 
the ratio of absolute mean to absolute initial 
pressure is 0.596, and, as above, the absolute 
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mean pressure is 73.54 at 5 ponnds back' pres- 
sure ; therefore, the initial pressure becomes 
73.54 -T- 0.596 or 123.4 ])omids absolute, or 
an increase in pressure of 8.4 pounds. This 
increase in pressure also causes a slight in- 
crease in steam consumption due to the in- 
crease in steam density. The density of steam 
at 115 pounds absolute is 0.2577 pounds per 
cubic foot, and at 123.4 poxmds it is 0.2756 
pounds. As the point of cut-off is assimied to 
be the same in both cases, the same volume of 
steam will be supplied ; but in the latter case 
0.2756 — 0.2577 or 0.0179 pounds per cubic 
foot, or 6.9 per cent more in weight is re- 
quired. 

One pound of steam at 115 pounds abso- 
lute contains 1,188.8 B.t.u., and at 123.4 
pounds, 1,190 B.t.u,; hence, each pound of 
steam raised to the higher pressure requires 
1.2 B.t.u. more per pound of steam, or one- 
tenth of one per cent. Therefore, xmder the 
third condition, 106.9 per cent X 100.1 per 
cent — 100 per cent, or 7 per cent more heat, 
and consequently that much more coal, will 
be required. 

Summarizing the above we have, by in- 
creasing the back pressure 5 pounds, the 
choice of three effects : 
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1. Maintaining the same initial pressure 

and steam consumption with a 7.3 per 
cent loss in power output of the en- 
gine. 

2. Maintaining the same initial pressure 

and power output of the engine by in- 
creasing the steam-coal-consumption 
12 per cent. 

3. Maintaining the same cut oS and power 

output by increasing the initial pres- 
sure 8.4 pounds and steam consump- 
tion 7 per cent. 

These conditions will, of course, vary some- 
what in actual practice according to the type 
and condition of the engine used, but the com- 
parison conclusively shows the advisability 
of sacrificing a small efficiency in the opera- 
tion of the engine to gain the manifold in- 
creased efficiency of the plant as a whole. 

From these facts it is hard to conceive why 
a factory or building of any size, requiring 
heat and power, does not take advantage of 
the wonderful over-all efficiency offered by 
the simple steam engine ; and if our business 
men will allow themselves to be educated re- 
garding their heat and power requirements as 
they hav« their other departments, the old fa- 



